The study of the effect of stress on both combatants physiological and anatomical systems have been poor studied in the specific literature. The present research aimed to study the effect of combat stress in strength manifestations of leg flexor-extensor muscles and the anaerobic metabolism of soldiers. Before and after asymmetrical combat simulation were analyzed parameters of blood lactate concentration, explosive leg strength manifestation and contractile capacity of leg muscle in 186 professional soldiers. Results showed a significant increase (p < 0.05) in blood lactate values (2.23 ± 0.95 vs 7.47 ± 3.67 mmol/L), explosive leg strength (Squat Jump 0.31 ± 0.06 vs 0.35 ± 0.07 m, Countermovement Jump 0.33 ± 0.07 vs 0.36 ± 0.07 m, Abalakov Jump 0.39 ± 0.08 vs 0.41 ± 0.09 m), and a significant decrease of the elastic capacity (0.022 ± 0.04 vs 0.021 ± 0.04) and recruitment and muscle synchronization capability (0.028 ± 0.04 vs 0.026 ± 0.04). This data suggest that combat stress increases the leg strength manifestation despite the significantly increase of muscle acidosis after a combat simulation. This result is probably due to the high activation of the fight-flight system of soldiers which increases the organic response of soldiers and that can compensate the prejudicial effect of acidosis in muscle contraction. These results could be used by officers to improve specific training programs and to improve planning and election of equipment and material for the development of different missions in current theaters of operations.
Introduction
The study of the organism's response to stressful stimuli has been extensively studied since Walter Cannon in 1911 introduced the concept of stress [1] . However, focusing on the analysis of the influence of combat stress in soldiers' organic response, there are few studies that analyzed the soldiers' psychophysiological responses in stress combat situations, whether real or simulated. To the best of our knowledge no studies have been focused on the analysis of combat stress effect on soldiers physiological and anatomical systems response. Even more considering the importance of muscle strength manifestation, fundamental in soldiers due to the weight of the equipment and the load carried by them, and the actions conducted in the battlefield that require high manifestations of strength and endurance [2] . In addition, several authors referenced the manifestation of explosive leg strength as a good indicator of performance in activities of high intensity and short duration that occur on the battlefield [3] .
In the specific military studies, there are general researches that studied the technical process of teaching shackled techniques, founding that a short audiovisual training was enough to learn these techniques in This article is part of the Topical Collection on Education & Training * Vicente Javier Clemente-Suarez vctxente@yahoo.es inexperienced soldiers [4] ; the most effective fencing rifle techniques used in combat [5] ; or the effectiveness of traditional and selective training to learn rifle fencing techniques [6] . More related to the psychophysiology of combat there are studies focused on organic parameters such as body composition, performance indicators, strength, heart rate (HR), blood pressure, etc. In this line Lester et al. [7] found an increase of muscle power and strength of the upper and lower limbs, as well as fat mass and a decrease on aerobic performance decreased after 13 month of mission in Iraq; also that the percentage of fat is an indicator of performance, after analyzing an incremental test performed with combat equipment [8] ; that cardiovascular system does not improve effort capacity with successive days of walking in a military expedition to Patagonia Austral, but accumulated fatigue decreases performance parameters, increasing oxygen consumption (VO 2 ) to the same physical work [9] . Actually, there are researches more related with the psychophysiology of combat conducted in combat simulation, both symmetrical and asymmetrical [10] [11] [12] [13] . These authors found that combat stress leads to an activation of the soldiers' sympathetic nervous system. This activation causes an increase in HR, creatine kinase (CK), urea, explosive leg strength and blood lactate concentration, which reaches values close to the anaerobic threshold despite the movement average speed evaluated was very low (less than 2 km/h). In the same line, the rate of perceived exertion (RPE) did not correspond to any of the above physiological parameters mentioned as it was unusually low compared to the HR and lactate values registered [10] [11] [12] .
To understand the soldier's physio-anatomic response to the combat stress, we must consider that when the organism perceives external threat, autonomic nervous system responds increasing the sympathetic and inhibiting parasympathetic modulation, activating the innate defense systems called fight-flight system [14] . This response causes an activation of the organism by the release of catecholamines in the adrenal medulla, that combined with the sympathetic activation produces a vigorous muscular activity; increasing blood pressure, blood flow to active muscles, increasing cell metabolism, muscle glycolysis, mental activity and muscle strength [15] . Among all strength manifestations, explosive strength is one of the most important due to the characteristics of the soldier and the actions to be performed by him, since the muscles should be in the conditions necessary to carry out a proper muscle contraction. In view of the results analyzed and seeing the lack of researches that study the effect of stress on soldier's physiological and anatomical systems, we propose the following research to analyze the effect of combat stress in strength manifestations of flexor-extensor leg muscles and the anaerobic metabolism of soldiers.
Material and Methods

Experimental Approach to the Problem
To achieve the objective of this research were analyzed in 186 soldiers, variables of explosive leg strength manifestation and blood lactate concentration before and after a combat simulation ambient in the current theaters of operations.
Participants
Were analyzed 186 members of the Spanish Armed Forces and Spanish Security Forces and Security Corps (174.4 ± 5.7 cm; 71.2 ± 6.3Kg; 27.2 ± 4.2 years). Participants served in the Army, Air Force, Navy, Civil Guard and National Police. Participants had 17.3 ± 4.6 year of a professional experience in their respective units and most of them had experience in international missions in the current conflict in Lebanon, Afghanistan, Bosnia, Kosovo and Iraq. All tests performed were conducted in accordance with the Declaration of Helsinki and all participants gave signed consent before testing.
Soldiers were equipped with standard uniform and boots, tactical fighting load carrier of the Army, simulated pistols, simulated rifle (HK G36c rifle), simulated knifes, shackles or flanges and a backpack with 12 kg to simulate the equivalent weight of the task force for this type of operation. The total weight carried was 23.6 kg.
Combat Simulation
An asymmetric combat maneuver in which soldiers have to control a local insurgence urban area was performed. Soldiers had to respect the rules of engagement in the area. During the combat the soldiers had to respond to incidents such as improvised explosive devices (IEDs), armed enemies with firearms (rifles and pistols), personal enemy armed with knives and unarmed civilians.
Procedures
Before and immediately after the simulated combat maneuver the following variables were measured: 
Blood lactate concentration taking a sample of 5 ul capillary blood from a finger of subjects and analyzed with the validated Lactate Pro Arkay, Inc. system (Kyoto, Japan). 
Statistical Analysis
Results
The results show how the values of explosive leg strength increased significantly (p < 0.05), and the values of contractile capabilities of leg muscles decreased significantly except CCA which was not significant. The results of blood lactate concentration also significantly increased ( 
Discussion
The aim of this study was to analyze the effect of combat stress in strength manifestations of flexor-extensor leg muscles, and the anaerobic metabolism of soldier. A significant increase in different leg strength manifestations and blood lactate concentration after the combat simulation was measured. Numerous studies list the negative effects of military operational stress in psychophysiological responses and performance of soldiers [17] , such as sleep privation [18] , high caloric expenditure not always replenished [17] , loss of muscle strength with energy deficits and after the loss of body mass [19] , decreased aerobic and anaerobic fitness, high levels of catecholamines and cortisol [20, 21] , decreased testosterone and IGF-1 [22] , decreased skeletal muscle and more frequents stress fractures in military than most civilian athletes [23] . These researches were conducted in long periods of time, being the acute stress response poor knowledge. In present research, we were focus in this acute soldier's response in combat to better understand the effect of combat stress in long-term.
The analysis of the results shows how the combat stress in the simulation analyzed increases values of soldier's explosive leg strength. This increase in strength values could be explained by the activation of fight-flight system which modulates the organic response in stressful situations in which the physical integrity of the individual is endangered [24] . Activation of fight-flight system causes an increased production of epinephrine and norepinephrine by the adrenal glands [17] , and the release of these hormones cause numerous physiological changes like the increase of HR, blood pressure and muscle activation [10] [11] [12] [13] 15] . Comparing the strength values obtained in our research with other studies we found a higher increase than after 12 days military maneuvers [25] or after 13 months of duty in Iraq [7] . Changes in the strength values occurred in these two studies, were due to the tasks and trainings performed by soldiers, which differs respect to current research since the increase of strength parameters may be due to the activation of the fight-flight system induced by the stress of combat [10, 12] .
In opposition to the increase of strength parameters EC, RC and CCA decreased after a combat simulation. This fact might be due to the high nervous system activation interferes in the muscle coordination of various body parts at the same time [26] . Fact that occurs even in long distance and low intensity activities [27] . We also found a significant increase in blood lactate levels of soldiers after the combat simulation, this increase could be due to the close quarter combat actions during the intervention that increased the sympathetic modulation increasing the activation of the anaerobic metabolism system [12] . The significant increase in lactate levels, above the anaerobic threshold [28] , shows a high activation of anaerobic metabolism. This organic response is similar than a judoka after combat [29] and could be explained because the different melee combat techniques used by soldiers, control, striking and knock over are similar than the used in a judo combat. Different studies have shown how an increased acidosis may negatively interfere with muscle contraction, blocking glycolytic enzymes and their contribution interrupting the glycolysis and the synthesis of adenosine triphosphate and increasing ammonia and inorganic phosphorus [30] . The limitation of calcium ion influx along with irritation of muscle pain receptors also interfere with muscle contraction, due to that causes a compression of blood vessels and hampers access of oxygen to working muscles [31] . The same fact occurs with an increase in the accumulation of extracellular potassium which makes more difficult the action potential [32] . However, the formation of H + is not exclusively of lactic acidosis, since in the muscle fiber, H + ions are mostly buffered but some lactate along with H + is thought to be extruded via lactate-proton transporter proteins in the cell membrane [33] . Also, these studies shown that high blood lactate concentration does not affect the ability to maintain peak power and that the fatigue during combat sport actions is a result of other factors (e.g. electrolytes) that recover more quickly than muscular pH, making disappear the interactive effects in the muscular contraction [32, 33] . This fact jointly with the activation of the sympathetic nervous system could explain the increase of strength parameter with the high lactate concentration measured [12] , but more studies about the psychophysiological response in extreme conditions as combat are needed to understand better this fact.
Correlation analysis showed a paradox about the effect of that muscle acidification in contractile capacity of leg muscle. In basal condition, higher lactate concentration produce lower muscle elastic capacity and SJ and CMJ jump performance, by contrast, after combat higher lactate concentration produce higher muscle elastic capacity and coordinative capabilities and arms utilization capacity. This result could be explained because the activation effect of sympathetic nervous systems in stress conditions, then stress modified normal physiological performance. These results were not find in soldiers conducting tactical parachute jumps, in which no correlation between lactate and muscle contractile capacities were found, probably due to this maneuver was less stressful than combat simulations, and the anaerobic metabolism were less activated in the parachute jumps [34, 35] .
Limitation of the Study
A factor that could improve present research was the no analysis of autonomic modulation of soldiers, that could help to explain the increase in strength values despite the high blood lactate levels, as well as the assessment of cortical arousal and stress hormones as cortisol but we were subject to financial and technological constraints that precluded a larger study.
Practical Application
Traditionally military training systems have been based on aerobic training, because the combat has been traditionally symmetrical (both sides use techniques, tactics and conventional equipment fighting in a territory with well-defined fronts). In current operation areas predominates asymmetric and counterinsurgency combats (characterized by being carried out in urban areas in continuous evolution and with the presence of civilians), as well as the simulated actions conducted in this research, where it has been seen that the anaerobic metabolisms were highly activated. These high concentrations of lactate reveal the necessity to implement programs based on high intensity training, as previous authors proposed [11, 35, 36] . Within these training we could highlight the high intensity interval training (HIIT), since apart of achieve higher improvements in VO 2 max than a continuous training and jointly improve the aerobic and anaerobic systems, is a good tool for improving the lactate's production and resynthesis [37] . In addition, increased strength in isolated actions of combat evaluated in this research could be considered by officers in the planning and Data are expressed as median ± standard deviation SJ, squat jump; CMJ, countermovement jump; ABK, Abalakov jump, EC elastic capacity; RC, recruitment and muscle synchronization capability; CCA coordinative capabilities and arms utilization capacity election of equipment and material for the development of different missions in current theaters of operations.
Conclusions
In summary, the main finding of the present study is that combat stress increases the leg strength manifestation despite the significantly increase of muscle acidosis after a combat simulation. This result is probably due to the high activation of the fight-flight system of soldiers which increases the organic response of soldiers and that can compensate the prejudicial effect of acidosis in muscle contraction.
